The identification of virulence factors in Rhodococcus equi has been severely hampered by the lack of a method for in vivo random insertion mutagenesis. This study reports the use of transposomes to generate random insertions of a gene conferring kanamycin resistance into the genome of R. equi ATCC 33701. Southern hybridisation using the kanamycin resistance gene as probe showed that insertion of transposome is random. This was confirmed following nucleotide sequence analysis of the junction between the transposome and chromosomal DNA. The presence of a 9 bp duplication of the target sequence showed that random integration of the transposome was due to a bona fide Tn5 transposition event. ß
Introduction
Rhodococcus equi is one of the most important pathogens of foals and is in addition an emerging pathogen of humans, particularly those with a compromised immune system. R. equi is a mycolic acid containing actinomycete, a bacterial group which includes pathogens belonging to the genera Mycobacterium, Corynebacterium and Nocardia. R. equi primarily infects alveolar macrophages in a process which is dependent on the CR3 receptor [1] . Evidence to date indicates that R. equi establishes itself in macrophages by preventing the fusion between lysosomes and the phagosome in which the pathogen resides, in a process strikingly similar to that employed by Mycobacterium tuberculosis [1^3]. Patients su¡ering from R. equi infection are characterised by coughs, fever and chest pains, usually with pulmonary lesions and cavitation. Characterisation of a large number of R. equi isolates has shown that all virulent strains infecting foals harbour an 81 kb plasmid [4^8], which was recently completely sequenced [9] . Plasmid cured strains are avirulent, indicating that the plasmid is an important virulence factor for foals [10] . Isolates from immunocompromised human patients and animals however often lack this or related virulence plasmids, showing that, as expected, virulence involves considerably more than the virulence plasmid [11] .
Although R. equi was ¢rst isolated in 1923, very few virulence factors have been identi¢ed to date. This is largely due to the lack of genetic tools, in particular random insertion mutagenesis, which has been very successful in identifying virulence genes in other pathogens. The absence of random mutagenesis procedures based on transposons, for example, precludes the use of powerful methods such as signature tagged mutagenesis [12] . Recently, Rezniko¡ and coworkers showed that a protein^DNA complex (transposome) consisting of hyperactive Tn5 transposase bound to a DNA fragment £anked by 19 bp mosaic ends forms a stable complex in the absence of exogenous Mg 2 [13] . The hyperactive transposase becomes active following introduction of the transposome into cells by electroporation, resulting in transposition of the DNA fragment £anked by the mosaic ends.
Clearly, transposome mutagenesis is a powerful tool in the analysis of virulence and other metabolic traits. This paper focuses on the potential use of transposomes as method for random insertion mutagenesis of R. equi.
Materials and methods

Bacterial strains, plasmids
Escherichia coli DH5K was from Bio-Rad (Hercules, CA, USA), virulent R. equi ATCC 33701 harbouring the 81 kb virulence plasmid was from American Type Culture Collection (Rockville, MD, USA), pBluescript II KS was from Stratagene (La Jolla, CA, USA).
Media and growth conditions.
E. coli DH5K and R. equi ATCC 33701 were grown on Luria Bertani (LB) medium [14] at 37³C. When appropriate the following supplements were added: ampicillin, 50 Wg ml 31 ; kanamycin, 50 Wg ml 31 (E. coli) or 200 Wg ml 31 (R. equi).
DNA manipulations
Plasmid DNA was isolated with the alkaline lysis method [15] or by using the Wizard Plus SV miniprep (Promega, Madison, WI, USA). Chromosomal DNA was isolated as described [16] . DNA modifying enzymes were used according to the manufacturer's recommendations (Roche, Sussex, UK). Dideoxy sequencing reactions were done with the CEQ DCTS kit as described by the manufacturer (Beckman, Fullerton, CA, USA), using the oligonucleotides 5P-GCAATGTAACATCAGAGATTT-TGAG-3P and 5P-ACCTACAACAAAGCTCTCATCA-ACC-3P, which are complementary to respectively the left and right end of the EZ: :TN transposon. The nucleotide sequence was determined using a Beckman CEQ2000 automatic sequencer. Other DNA manipulations were done according to standard protocols [14] . The nucleotide sequence data were compiled and analysed using the Wisconsin Package Version 8 (Genetics Computer Group).
Transposome mutagenesis
R. equi was made electrocompetent using the method described by Zheng et al. [17] . Electroporation of 200 Wl (10 10 cells) electrocompetent cells with 20 ng transposome (EZ : :TN GKan-2f insertion kit, Epicentre, Madison, WI, USA) was carried out using a Bio-Rad gene pulser II (25 WF, 1000 6, 12.5 kV cm 31 ) in a 2 mm gapped gene pulser cuvette (Bio-Rad). Following electroporation, 1 ml LB medium was added and cells were incubated at 37³C for 1 h. The electroporation mixture was subsequently plated onto LB agar plates containing 200 Wg ml 31 kanamycin to select for R. equi harbouring the EZ: :TN transposon.
Southern hybridisation
DNA was transferred to a positively charged membrane as recommended by the manufacturer (Roche) following agarose gel electrophoresis. The kanamycin resistance gene of Tn903 was labelled by PCR ampli¢cation with Taq polymerase in the presence of digoxigenin 11-dUTP (DIG) as recommended by the manufacturer (Roche) using the oligonucleotides 5P-GCGAGATCTGTTGTGTCT-CAAAATCTCTGA-3P and 5P-TGGCCATGGGCCACG-GAACGGTCTGCGTTG-3P. The reaction mixture was incubated at 95³C for 5 min and was subsequently subjected to 30 cycles of 95³C for 45 s, 55³C for 45 s, 74³C for 90 s, followed by an incubation at 74³C for 7 min. Prehybridisation, hybridisation and chemiluminescent detection using CDP-Star were done according the manufacturer's recommendations (Roche) using a Bio-Rad Fluor-S Max multi-imager system.
Results and discussion
Generation of kanamycin resistant mutants
To determine whether random mutagenesis using transposomes is applicable to R. equi, transposomes consisting of hyperactive Tn5 transposase and a Tn903 kanamycin resistance gene £anked by transposase recognition sequences were introduced into R. equi ATCC 33701 by electroporation. The electroporation mixture was subsequently plated onto LB agar plates containing 200 Wg ml 31 kanamycin to select for R. equi harbouring the EZ: :TN trans- Fig. 1 . Southern blot analysis of 11 R. equi transposome insertion strains. BamHI digested chromosomal DNA from randomly chosen transformants isolated from one transformation experiment was hybridised to a DIG-labelled kanamycin resistance gene. Numbers refer to molecular mass markers in kb. poson. Kanamycin resistant colonies appeared at a frequency of 3U10 4 per Wg of DNA.
Insertion of the transposome into the R. equi genome is random
To determine that the kanamycin resistant colonies represented R. equi harbouring the EZ: :TN transposon and whether these had integrated randomly into the R. equi genome, Southern blot analysis was carried out. Chromosomal DNA was isolated from 11 kanamycin resistant R. equi strains and digested with BamHI. Hybridisation of the DIG-labelled kanamycin resistance gene to BamHI digested DNA revealed the presence of the EZ: :TN transposon in the genome of the kanamycin resistant colonies. The DIG-labelled probe hybridised to di¡erent sized DNA fragments in each of the kanamycin resistant mutants, indicating that insertion of the EZ: :TN transposon in R. equi is random (Fig. 1) . Hybridisation was not observed using chromosomal DNA from the wild-type strain.
Insertion is due to a Tn5 transposition event
To further analyse integration of the EZ: :TN transposon, chromosomal DNA of the kanamycin resistant mutants was digested with KpnI, ligated into KpnI digested pBluescript II KS, and transformed into E. coli DH5K. Transformants were selected on LB agar containing kanamycin and were shown to contain pBluescript II KS containing the EZ : :TN transposon and £anking R. equi DNA. The nucleotide sequence of the junction between the EZ: :TN transposon and chromosomal DNA was de-termined. The DNA sequence £anking the EZ: :TN transposon in each clone, representing an individual mutant, was di¡erent showing that integration is random. The sequences £anking the transposome insertion site contained a 9 bp duplication of the target sequence (Fig. 2) , which is a hallmark of Tn5 transposition [18] . This shows that the random integration of the transposome in the genome of R. equi is due to a bona ¢de Tn5 transposition event as opposed to illegitimate recombination. This is the ¢rst report describing random in vivo insertion mutagenesis for R. equi. Mutagenesis using transposomes only requires hyperactive transposase and DNA £anked by 19 bp EZ: :TN transposon mosaic end sequences. The method is therefore extremely £exible, allowing the random insertion of virtually any DNA sequence into the R. equi genome. The e¤ciency of insertion is su¤ciently high to generate an insertion library of high complexity. Screening of the mutant library will allow the identi¢cation of virulence factors using signature tagged mutagenesis, for example. The use of transposomes to generate random mutations will therefore have a signi¢cant impact on the analysis of R. equi virulence. Fig. 2 . Position of a transposome insertion in the 16S rRNA gene (accession number D37876) of a kanamycin resistant R. equi mutant. The partial nucleotide sequence of the 16S rRNA gene (position 545^637) containing the transposome target sequence, indicated by bold, underlined text, is shown. Following transposition the 9 bp target sequence at the boundaries of the transposome is duplicated. The position of the transposome is indicated by a black triangle.
